However, the shear rigidity of the side tank is in general larger than that of the centre tank, and then the deflection of the longitudinal bulkhead is considered to be nearly equal to that of the side shell.
Hence in this case the number of beams are also two. In the case of ship this kind of vibration means the vibration of the cross section as a plane structure.
Hence the vibration is designated as cross-section vibration and its frequency as cross-section frequency in this report. To examine the behaviour of the present model in detail, the numerical calculation has been made for the 3 cases shown in Table 1 ( a ) In the lower frequency range the 1st spectrum only appears and its natural frequencies nearly coincide with those of the beam theory.
In the higher frequency range the frequencies of the 1st spectrum lie lower than those of the beam theory and tend to approach the frequencies of beam (2) which has the lower natural frequencies.
( b ) In the frequency range higher than the cross-section frequency the 2nd spectrum appears and its natural frequencies are higher than those of beam (1) which has higher natural frequencies.
As the range goes up further the former frequencies approach to the latter.
frequency range, whereas in the higher range the deflection of the beam (2) (having lower natural frequencies) is predominant. For the 2nd spectrum vice versa. Hence the symmetrical case only is treated in this report, leaving the anti-symmetric case in the future study.
Calculation Theory for Free Vibration
From preliminary analysis, it was clarified that the side shell and the longitudinal bulkhead of giant tankers act as elastically connected parallel beams in the higher mode vertical vibration. The simplified structure used in the previous section, however, is not directly applicable to the calculation for actual ships, because such assumptions are not available for actual ships that beams are uniform along their length and shear deflection only is taken into account and that abrupt changes of the spring constant of the connecting spring due to transverse bulkhead are ignored. Thus in this section,
The calculation model for actual ships is assumed as follows. ( 1 ) Main hull girder consists of two beams, namely the side shell and the longitudinal bulkhead_ These two beams have variable sections and are elastically connected with transverse rings and bulkheads each other.
( 2 ) Bending deflection, shear deflection and rotatory inertia are taken into account for these two beams.
( 3 ) Spring constant of connecting spring due to transverse bulkhead has concentrated value at its position, whereas those of transverse rings are uniformly distributed along tank length in one hold.
Under these assumptions, the differential equations of motion for the tank part shown in Fig. 2. 1 are as follows. Above mentioned c and k are in general the functions of lengthwise coordinate x in the variable section beams. However, c and k can become constant matrices in the each subdivision when ship hull is subdivided into many strips and each is assumed uniform for the benefit of numerical calculation. When the suffix i is put on the particulars of the i'th subdivision in the one hold as shown in In section 1 the behaviour of spring-connected beams in the higher modes has been investigated where the assumptions are made that the beams subject to the shear deflection only, the connecting spring uniform along the length and that the beams are free at ends.
Here the effects of the transverse bulkheads and the end connection are studies, using the numerical procedure developed in the preceding section.
The calculation model is shown in Fig. 3. 1 . The numerical values used in calculation are shown in Table 3 (2) have the same number of nodes, in like manner of section 1.
In the higher mode, however, the deflections of two beams become different shapes. This is considered to be the effect of ( b ) In the case where the connecting spring are stiff (case 1-1), the deflections of two beams are more similar than in the case of soft connecting spring (case 1-2). This and the fact mentioned in the provious item indicate that for the complex structures "number of nodes" is not the essential factor to classify the mode. The " classification by number of nodes" is, however, widely used in ship vibration. Hence in this report this classification is used for convenience.
( c ) Though the difference between the modes of the 1st and 2nd spectra is not so conspicuous as in the case of section 1, its tendency can be perceived. In the 1st spectrum the beam having the lower frequencies (beam (1) in case 1-1 and 1-2) plays the major roll while in the 2nd spectrum the beam having the higher frequencies plays the major roll. Thus in this report the modes of 1st spectrum are classified by the number of nodes of the "low frequency beam" and those of the 2nd spectrum by number of nodes of the "high frequency beam". In the conventional ship vibration based on the beam theory the bending deflection can be neglected in the higher mode vibration. The effect of the bending deflection in the higher mode is studied in the present model. Case 2-1 and 2-2 is the same as case 1-1 and 1-2 respectively except that bending deflection is neglected. Some examples of the mode curves for case 2-1 are shown in Fig. 3 . 5.
Comparison of case 1-1 ( Fig. 3. 2) with case 2-1 ( Fig. 3. 5) shows that the mode shapes undergo no remarkable changes whether the bending deflection is taken into account or neglected. The same conclusion is drawn in the comparison of case 1-2 and 2-2.
The effect of bending deflection upon the frequencies is as shown in Table 3 . 2 and Fig. 3 . 6. In this table the column " actual ship" represents the calculated results for actual ship discussed later in this report. It is seen in this table and figure that the effect of bending deflection is nearly the Some examples of mode curves in case 2-3 are shown in Fig. 3.7 At the end of this section, the variable cross section model (case 2-4) is examined. The distribution of weight, rigidity and connecting spring is shown in Fig. 3.8 . The fore and aft parts of the In this section, we neglect the bending deflection of the model used in SECTION 2 for the benefit of numerical calculation. This assumption, however, satisfies our purposes mentioned above. Another assumptions are as follows.
( 1 ) Exciting force is sinusoidal and acting on the aft end of the ship. The equations for the boundary condition at the aft end of the ship (j= N+1) are as follows . Higher Mode Vertical Vibration of Giant Tanker (1st Report) 179 the 2nd spectrum. As the exciting force is applied at one end, the smaller end deflection causes smaller response. From the comparison of Figs. 3.10 ( a ) with 3.10 ( b ) it is found that the end deflection in the 2nd spectrum is smaller than that in the 1st spectrum, and the only exception is in the mode for 393. 5 cpm which shows considerable end deflection especially at right end. Fig. 5. 2 shows that the response at 393. 5 cpm (2nd spectrum) is not smaller than the response of the 1st spectrum. Excepting the region neighbouring the nodal points the forced response modes nearly coincide with the normal modes.
6 Some Considerations on the added water When the transvers section of the ship deforms elastically during vibrations as shown in Fig. 1. 1 (b), it is not correct to apply the added water of Lewis, Landweber and Prohaska being used for flexural vibration. These are the values for the rigid cross section of the beam bending due to beam Hence the qualitative discussion on the virtual mass is made in the following .
In the case shown in Fig. 1. 1 (b) , the flow around the ship is treated as two-dimensional . Then the kinetic energy of the water per unit length of ship is expressed in the following form . The investigation of the effect of Mw3 is, however, left to the next report because it seems that this effect does not completely change the characteristics of vibration, although it makes the frequency change to some extent. Thus the effect of the cross term Mw3 is neglected in the following numerical calculation.
Experiments and calculation in full scale ships
Based upon the results of the study mentioned above, the vibration experiment has been carried out on two large tankers by means of vibration exciter. Principal particulars and conditions of ship A and B, the ships tested, are shown in phenomenon clearly testify the theoretical conclusion in the preceding section:.
To obtain the more detailed information, the natural frequencies and the normal modes hay.-been calculated on ship A, by means of the theory developed in the section 2.
In the calculation the ship parametres are estimated as follows.
( 1 ) Bending and shearing rigidity Bending rigidity of the longitudinal members located outside of the vertical plane through half breadth of the wing tank is assigned to the side shell. Bending rigidity of the longitudinal members inside of the vertical plane is assigned to longitudinal bulkhead. Shear rigidity assignment follows the similar procedure.
( 2 ) Hull and cargo weight Total weight per unit length are divided into two components and one is assigned to side shell and the other to longitudinal bulkheads. The former is the weight of the hull and cargo outside of the vertical plane through half breadth of the wing tank and the latter is the weight of the remainders . on the bottom athwart-ships. The procedure of assigment is the same as described in the previous item. Under this assumption the ratio of added water weight of longitudinal bulkhead to total added water weight is shown in Fig. 7 . 3. Higher Mode Vertical Vibration of Giant Tanker (1st Report) From the discussion in the preceding sections it is found that the non-beam behaviour in the higher mode vibration has close relation with the rigidity of the transverse members. As a criterion of the transverse rigidity the "cross-section frequency " was defined in section 1. The relation between the lowest frequency of the 2nd spectrum and the cross-section frequency in the several cases mentioned above is shown in Fig. 8.1 . In the cases other than section 1 the transverse rigidity is not uniform because of the concentrated springs at bulkheads and the transverse rigidity is averaged along the length. It is seen from this figure that the cross-section frequency can be taken as a criterion of calculated by (8. 12 ) are shown in Fig. 8. 3 . It is seen that the cross section frequency decreases rapidly above 80, 000 tons D. W. This remarkable change is in part due to the ship size. The other, and more important cause is the change of construction. That is, giant tankers recently built which have large amount of dead weight exceeding 100, 000 tons have long tanks and small numbers of bulkheads as shown in Table 8 . 1. Thus the cross section frequency of a giant tanker decreases.
Conclusive remarks
Higher mode vibration of a tanker has been analysed as a vibration of parallel-beam model elastically connected. The deviation from the conventional beam theory is studied qualitatively. The vibration experiment on the full scale ships carried out and the results compared with the present theory. It can be found that the present theory explains the phenomena observed in the experiment.
To improve the theory the investigations into the following items are necessary.
( a ) Antisymmetric deformation of the cross section
In this report the symmetric deformation is mainly treated. As a result of the study in section 1 the antisymmetric deformation has a possibility of taking place. It is necessary to examine whether there is significant force to excite this type of vibration.
( b ) Added virtual weight of water
As is described in section 6, the treatment of added virtual weight is very complex. The mechanism of virtual weight, together with the three-dimensional correction factor, is necessary to be investigated.
( c ) Damping mechanism and response In the complex structure there are a lot of the natural frequencies.
From the practical point of 
